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(54) Guide wire 

(57) The guide wire ( 1 ) comprises a first wire (A) lo- 
cated on the distal side and having an appropriate elas- 
ticity, a second wire (B) located on the proximal side and 
having a flexural rigidity greater than that of said first 



wire and a tubular connector (1 2) for joining the first and 
second wires (A,B). The connector has grooves or slits 
formed in its portion on the distal side of a boundary 
(124) between the first wire A and the second wire B. 



Fig. 1 
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Description 



BACKGROUND OF THE INVENTION 



5 This invention relates to a guide wire, especially a guide wire used to guide a catheter or other tubular medical 

devices to a target place in the body of a patient. 

A guide wire is used to guide a catheter in the treatment on the body parts on which open surgery is difficult or in 
the treatment or examination for the purpose of reducing the invasiveness to the body such as PTCA (Percutaneous 
Transluminal Coronary Angioplasty). The guide wire used in the PTCA procedure is passed through the catheter before 

10 the catheter is inserted into a blood vessel, and the guide wire is used to guide the catheter to the vicinity of the target 
stenosed pan in a blood vessel. 

A guide wire is used to guide a catheter used for treatment on the body parts on which open surgery is difficult or 
for treatment and examination in the purpose of reducing the invasiveness to the body such as PTCA (Percutaneous 
Transluminal Coronary Angioplasty) and cardiovascular angiography to the target place in the body. 

is The guide wire used in the PTCA process is inserted in a blood vessel together with the catheter, with the distal 

end portion ot the guide wire being protruded from the distal end of the catheter, to the vicinity of the target stenosed 
part in a blood vessel, and guides the distal end portion ot the catheter to the target stenosed pan. The distal end 
portion of the catheter has various shapes according to the purpose and the location in the body for which the catheter 
is designed, and has a flexibility which allows the catheter to follow complicated shapes of blood vessels and other 

20 organs in the body 

Since blood vessels have complicated paths, a guide wire used to insert a catheter into a blood vessel must have 
proper flexibility, pushability and torque-transmitting capability ("operatability" is a generic term for these two properties 
in combination), and kink resistance (property which resists sharp bending) There is a guide wire which has a metal 
coil, with an appropriate flexibility, attached around the distal end portion of a small-diameter core material to provide 
2$ a proper amount of flexibility. Another guide wire uses a wire of a super-elastic alloy such as Ni-Ti as the core material. 

Conventional guide wires have a core material formed of substantially a single material, and a material with a 
relatively high rigidity is used to increase the operatability of the guide wire. As a result, the distal end portion of guide 
wire does not have sufficient flexibility. On the other hand, if a material with a relatively low rigidity is used to increase 
the flexibility of the distal end portion of the guide wire, the operatability of the proximal end portion decreases. There- 
to fore, it has been thought that is difficult to satisfy the requested flexibility and operatability both by a single core material. 

To attack this problem, there exists a guide wire with a core material formed of Ni-Ti alloy, for example, heat-treated 
the distal end portion and proximal end portion being in different conditions to increase the flexibility of the distal end 
portion and the rigidity of the proximal end portion. However, there is a limitation of the control of flexibility by such 
heat treatment; it is not always possible to give the proximal end portion a satisfactory rigidity, making the distal end 
35 portion sufficiently flexible. 

A guide wire made by joining a Ni-Ti alloy wire and a stainless steel wire with a tubular connector of Ni-Ti alloy to 
satisfy the desired flexibility for the distal end portion and a high rigidity for the distal end portion is disclosed in Japanese 
Patent Application Laid Open No.1992-9162. Since the tubular connector of Ni-Ti alloy used in this invention has a 
uniform rigidity over the entire length, there is a relatively large difference in the rigidity between the Ni-Ti alloy wire 
40 and the stainless steel wire which have different rigidities. As the result, a stress concentration occurs at the joint of 
the Ni-Ti alloy wire and the stainless steel wire, which can cause kink or decrease the operatability. 



SUMMARY OF THE INVENTION 



Therefore, the first object of this invention is to provide a guide wire which has high operatability and kink-resistance 
improved by making the change in the rigidity along the length smooth. 

Further, the strength of connection between the first wire and the connector which are formed of a super elastic 
alloy is increased from the point of view of safety though the guide wire disclosed in Japanese Patent Application Laid 
Open No. 19929162, has satisfactory properties for a guide wire. 

The second object of this invention is to provide a guide wire whose first wire and connector can be pined with an 
adequate strength if the first wire and the connector are formed of different materials, and which has an increased 
safety during use. 

The first object is attained by a guide wire which comprises a first wire which is located on the distal side and has 
an appropriate elasticity, a second wire which is located on the proximal side and has a flexural rigidity greater than 
that of said first wire, and a tubular connector for joining said first and second wires, and characterized in that said 
connector has grooves or slits, or both of them, formed in its portion on the distal side of a boundary between said first 
wire and said second wire 

The second object is attained by a guide wire which comprises the first wire which is located on the distal side and 
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has an appropriate elasticity, the second wire which is located on the proximal side and has a flexural rigidity greater 
than that ot said first wire, and a tubular connector for joining said first and second wires, and characterized in that 
said connector is formed of a material different from the material of said first wire, that the proximal portion of said first 
wire joined to said connector is provided with a thin metal coating as an adjuvant to joining, and that said first wire is 
5 joined to said connector by the portion provided with the thin metal coating by brazing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagram showing an embodiment of the guide wire of this invention. 
10 Figure 2 is a diagram showing examples of the slits or grooves formed in the connector of the guide wire of this 

invention. 

Figure 3 is a diagram showing examples of connecting methods for the guide wire of this invention. 
Figure 4 is a diagram showing the points of measurement of the flexural rigidity on and around the connector of 
the guide wire of this invention, and those on and around the connector of the comparison guide wire. 
'5 Figure 5 is a graph showing the result of measurement of the flexural rigidity. 

Figure 6 is a diagram showing an example of use of the guide wire of this invention. 
Figure 7 is a diagram showing an example of use of the guide wire of this invention. 
Figure 8 is a plan view of the guide wire of this invention. 

Figure 9 is a sectional view of the distal end portion of the guide wire shown in Figure 3. 
20 Figure 10 is a partly -broken, enlarged external view of the connector and its vicinity of the guide wire shown in 

Figuie 8. 

Figure 11 is an enlarged sectional view of the connector and its vicinity of the guide wire shown in Figure 8. 
Figure 12 is a sectional view of the distal end portion of another embodiment of the guide wire of this invention. 
Figure 13 is a partly-broken, enlarged external view of the connector and its vicinity of the guide wire shown in 
:s Figure 12 

Figuro 14 is a sectional view of the distal end portion of another embodiment of the guide wire of this invention. 
Figure 15 is a partly-broken, enlarged external view of the connector and its vicinity of the guide wire shown in 
Figure 14 

Figure 16 is a plan view of another embodiment of the guide wire of this invention. 
30 Figure 17 is a sectional view of the distal end portion of the guide wire shown in Figure 16. 

Figure 18 is a partly-broken, enlarged external view of the connector and its vicinity of the guide wire shown in 
Figure 16. 

Figure 19 is an enlarged sectional view of the connector and its vicinity of the guide wire shown in Figure 16. 
3S DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The guide wire of this invention is described below in detail by use of preferred embodiments with reference to the 
accompanied drawings. 

Figure 1 is a side view of the entire guide wire of this invention. 
40 A guide wire 1 comprises a first wire A located on the distal side and having an appropriate elasticity, a second 

wire B located on the proximal side and having a flexural rigidity greater than that of said first wire and a tubular 
connector 1.2 for joining the first and second wires A,B. The connector 1 2 has a groove) or grooves ) or a slit( or slits ) 
or both of them formed in its portion on the distal side of a boundary 1 24 between the first wire A and the second wire B. 

The guide wire 1 of this invention has a wire main body (core wire) which is the main component of the guide wire 
i. The wire mam body consists of the first wire A at the distal side and the second wire B at the proximal side. The 
proximal side end of the first wire A and the distal side end of the second wire B are connected by being fitted in a 
tubular connector 12. 

The first wire A is a wire with elasticity. There is no special condition for the material for the first wire A, and various 
plastics and metals can be used. A super elastic alloy is preferable. By this construction, it becomes possible to endow 
so the distal end portion of the wire main body with high operatability and kink-resistance without increasing the diameter 
of the first wire A. 

A super elastic alloy here means an alloy which exhibits super elasticity at the temperature at which it is used 
(body temperature, or around 37 °C). The super elasticity is the property possessed by certain alloys that allows them 
to return to their original shape after having been deformed (bent, extended, or compressed) to an extent such that 
55 normal metals are subjected to a plastic deformation. 

The preferable composition of the super elastic alloy is Ni-Ti alloy with 49 to 58 atomic percent of Ni, Cu-Zn alloy 
with 38 5 to 41 .5 weight percent of Zn, Cu-Zn-X alloy (X is at least one of Be, Si, Sn, Al, or Ga), or Ni-Al alloy with 36 
to 38 atomic percent of Al. Of these alloys Ti-Ni alloy is most preferable. 
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The second wire B is also a wire with elasticity. There is no special condition for the material for the second wire 
B Various plastics and metals which have higher rigidity than the first wire A, especially metals, are used By this 
construction, it becomes possible to endow the wire main body with high operatability and kink-resistance without 
increasing the diameter of the second wire B. 

The outside diameter of the second wire B may be larger than that of the first wire A in order to increase the 
operatability and kink-resistance (see the second wire B in Figure 1 ). When using the second wire B with the outside 
diameter larger than that of the first wire A, the portion of the second wire B fitted in the tubular connector 1 2 is preferably 
formed so as to be equal to that of the portion of the first wire A fitted in the tubular connector 12. 

The preferable metallic material for the second wire B is a stainless sleel or piano wire, for example. The most 
preferable metallic material is a stainless steel with a high rigidity 

The tubular connector 1 2 has elasticity and is formed in the shape of a tube with (he opening 1 22 in which the first 
wire A is inserted and the second opening 123 in which the second wire B is inserted; the openings 122 and 123 
connect with each other. 

By using a connector 12 in the shape of a tube, connection of the first wire A and the second wire B becomes 
easier, and the bending rigidity is made uniform in all radial directions. 

There is no special condition for the material for the tubular connector 12, and various plastics and metals can be 
used as for the first wire A and the second wire B. The tubular connector 12 is preferably made of a material whose 
rigidity is greater than that of the first wire A, and more preferably made of the same or same kind of material as the 
second wire B. 

The super elastic alloy can be used as for the tubular connector 1 2 The preferable composition of the super elastic 
alloy used for the tubular connector 12 is above-described Ni-Ti alloy Cu-Zn alloy, Cu-zn-X alloy (X is at least one of 
Be, Si, Sn, Al, or Ga), Ni-AI alloy, or stainless steel. 

When the rigidity of the tubular connector 1 2 is smaller than that of the first wire A, the rigidity of the portion of the 
wire mam body covered by the tubular connector 1 2 is for the most part determined by the rigidity of the portion of the 
first wire A held in the tubular connector 12 and that of the portion of the second wire B held in the lubular connector 
1 2, causing a large change in rigidity at the boundary 1 24 of the first wire A and the second wire B. 

When the rigidity of the tubular connector 1 2 is greater than that of the second wire B, on the other hand, the rigidity 
of the portion of the wire main body covered by the tubular connector 1 2 is for the most part determined by the rigidity 
of the tubular connector 12 itself. As the result the change in rigidity at the boundary of the first wire A and the second 
wire B becomes smaller, but the change in rigidity at the distal end of the tubular connector 12 on the first wire A and 
that at the proximal end of the tubular connector 12 on the second wire B become larger instead. Since a stress . 
concentration occurs at the positions at which there is a large change in rigidity, the mechanical energy (or movement 
of the proximal end portion) is not transmitted smoothly to the distal end portion, and the operatability and kink-resist- 
ance decrease. 

The material with about the same rigidity as the second wire B is preferable in order that the flpxural rigidity of the 
wire main body can be smoothed to change gradually from the rigidity of the first wire A to that c -e second wire B 
by the tubular connector 1 2, because the rig idity of the tubular connector 1 2 can be easily made smaller by processing 

Further, in order to make connection of the tubular connector 12 with the first wire A or second wire B easy the 
material for the tubular connector 12 is preferably the same or the same kind of metal as that for the first wire A or 
second wire B The material for the tubular connector 1 2 is more preferably the same or the same kind of metal as that 
for the first wire B. 

The wall thickness of the tubular connector 12 between the interior surface and the exterior surface is preferably 
within the range of 0.02 to 0.06 mm, and more prelerably 0.03 to 0.05 mm in order to make the wire main body have 
a necessary and sufficient strength and the operatability 

In this invention, the connector 12 is provided with means for making the rigidity of the connector 12 change 
smoothly and gradually from the rigidity of the first wire A to that of the second wire B. Specifically, it is preferable to 
form a helical slit or groove in the first wire-receiving portion 1 21 of the connector 1 2, as shown in ( 1 ) and (2) in Figure 
2. This slit or groove decreases the rigidity of the connector 12. 

Further, slits or grooves in other shapes or arrangements may also be formed in the first wire-receiving portion 
1 21 of the connector 1 2 as shown in Figure 2; slits or grooves parallel to the axis ((3) in Figure 2), those perpendicular 
to the axis ((4) in Figure 2), and those in a grid ((5) in Figure 2), for example. 

Grooves may be formed in either the exterior surface or the interior surface of the first wire-receiving portion 121 
of the tubular connector 12. Both slits and grooves may be formed though not shown in Figure 2. It is not preferable 
that slits or grooves are formed across the boundary 124 between the first wire A and the second wire B In other 
words, the slit or groove is located on the proximal end of the first wire A and is not positioned on the proximal end of 
the second wire B. 

Forming slits or grooves over the boundary 1 24 between the first wire A and the second wire B causes a decrease 
of the flexural rigidity at the boundary 124 and makes the guide wire prone to kink. 
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These slits and grooves change the flexural rigidity of the portion in which they are formed according to their interval 
or pitch. Therefore, it is possible to change the flexural rigidity smoothly from the flexural rigidity of the first wire A to 
that of the second wire B by using a material having the same rigidity as that of the second wire B and forming slits or 
grooves in the interval or pitch which becomes smaller toward the end of the tubular connector 12 on the first wire A 
5 side (distal end) and becomes larger toward the boundary 124 as shown in Figures 1 to 3. 

The pattern (shapes and arrangement) of the slits and grooves is not limited to those shown in the Figures as a 
matter of course. 

It is preferable that the distal end portion 111 of the first wire A has an X-ray contrast material attached and is 
provided with a smooth coating of a synthetic resin or polymer material such as plastics so as to make the tip round. 
to By thus using an X-ray contrast material, the location of the distal end of the guide wire can be viewed on a monitor 
screen. The synthetic resin or polymer material coating 113 prevents the guide wire 1 from causing damage to the 
inlerior wall of a blood vessel by scraping. 

It is preferable that the distal end portion of the first wire A becomes gradually smaller in exterior diameter toward 
the distal end. By thus making the exterior diameter of the distal end portion of the first wire A gradually smaller toward 
is the distal end ; it becomes possible to make the exterior diameter of the distal end portion 111 uniform when the X-ray 
contrast material 1 1 2 is attached to the distal end portion 1 1 1 and the distal end portion 1 1 1 is covered with the coating. 
The guide wire 1 of this construction can be inserted to an intended position easily and safely passing through the 
complicated shapes of branching and bending blood vessels. 

The X-ray contrast material 112 may be a coil of wire of an X-ray opaque material such as Au or Pt which is wound 
20 on the distal end portion of the first wire A and buried in the coating 113, for example. 

For the polymer material for the coating 113, polyethylene, polyvinyl chloride), polyester, polypropylene, polya- 
mide. polyurethane, polystyrene, polycarbonate, silicone rubber or other various elastomers, or a composite of these 
materials is preferable, and a material that has an elasticity equal to or smaller than that of the first wire A is especially 
preferable. 

25 Further, it is preferable to form a layer of a hydrophilic macromolcculo substance which exhibits luburicity in wet 

condition (not shown). This layer of a hydrophilic substance reduces the friction, making insertion of the guide wire 1 
easier and hence improving the operatability and safety for insertion. 

Hydrophilic macromolecule substances usable to form the hydrophilic layer are divided into natural macromolecule 
substances (starch, cellulose, tannin-lignin, polysaccharide, protein, for example) and synthesized macromolecule 

30 substances (PVA. polyethylene oxide, acrylic acid, maleic anhydride, phthalic acid, water-soluble polyester, ketone 
aldehyde, (meth)acrylamide, polyamine, polyelectrolyte, water-soluble nylon, acrylic acid glycidyl acrylate). 

Of the above substances, celluosic macromolecule (hydroxypropyt cellulose, for example), polyethylene oxide 
macromolecule (polyethylene glycol), maleic anhydride macromolecule (maleic anhydride copolymer such as methyl 
vinyl ether-maleic anhydride copolymer), acrylamide macromolecule (poly(dimethylacrylamide), for example), water- 

35 soluble nylon (AO-nylon P-70 produced by Toray Industries Inc., for example), or their derivatives are preferable be- 
cause their property of reliably reducing coefficient of friction in blood. Reduction of coefficient of friction by a layer of 
a hydrophilic macromolecule substance is described in detail in the specification of Patent Application Laid Open No. 
1997-84871. 

It is preferable that the second wire B is subjected to a treatment for reducing the friction which occurs from contact 

40 with the interior wall of the catheter used along with the guide wire 1. Specifically this is attained by just coating the 
proximal end portion (basal portion) 131 at which the second wire B comes in contact with the interior wall of the 
catheter with a substance whose coefficient of friction is low against the material of the interior wall of the catheter 
(fluororesin such as polytetrafluoroethylene or silicone, for example). By thus reducing the friction against the catheter, 
the operatability of the second wire B held in the catheter can be maintained without decreasing. 

45 Although there is no particular limitation to the diameters ol the first wire A, connector 1 2, and second wire B, the 

diameters (in average value) are preferably about 0.25 to 0.65 mm (0.010 to 0.025 inches), and more preferably about 
0.36 to 0.45 mm (0.014 to 0.018 inches) for a guide wire used for insertion of a catheter for PTCA operation. 

There is also no particular limitation on the method ol connecting the first wire A and the second wire B by means 
of the connector 1 2. It is preferable to join the first wire A with the connect 1 2 and the second wire B with the connector 

50 12, respectively. For example, the end surface of the first wire A cut at a predetermined angle (0) to the axes of the 
first and second wires A and B and the end surface of the second wire B cut in the same manner are put in contact 
with each other in the connector 12 and joined together. The angle G is 6 ^ 90°, preferably 0° < 0 £ 45°, and more 
preferably 0.5° ^ 8 ^ 20° . By cutting the end surfaces of the first wire A and the second wire B at this angle with the 
axes of the first wire A and the second wire B, the change in the flexural rigidity at the end surfaces in contact with 

55 each other can be made smaller and hence the kink resistance increases. 

There is no particular condition for the method of joining, and ordinary methods such as spot welding by laser light 
can be used. There is also no particular condition for locations to be welded, as long as the locations extend over both 
sides of the boundary 124 Welding may be made over the entire length of the connector 12 or only over the regions 
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near the boundary 124 (excluding the region in wh,ch grooves or slits are formed). It is also possible to fix both ends 
by an adhesive agent Further, the strength of joint increases by joining making use of the above-described grooves 
formed in the interior surface or slits. 

As the wall thickness of the connector 1 2 decreases within a certain limit, the connector 1 2 melts more easily and 
the weldabihty increases Therefore, the thickness of the connector 1 2 is preferably within the above<iescr,bed range 

When lormmg the connector 12 of a stainless steel which is a material with a high rigidity, the wall thickness of the 
connector 1 2 can be made thin, and hence the jomability, especially weldability, of the connector 1 2 to the first wire A 
increases Further, when forming the connector 12 of the same sta.nless steel as the second wire B a high weldability 
between the connector 1 2 and the second wire B can be obtained because of their same compositions ' 

This connection can also be made by caulking Caulking can be easily performed by firmly pushing the first wire 
A and the second wire B into the connector 12 from the opposite ends and applying pressure to the portion at and 
around the boundary 124 from outside This caulking may be used together with welding described above To increase 
the jomability by caulking, the abutting end surfaces of both wires A and B are preferably oblique as described above 
When being pressed so as to come into contact with each other, the end surfaces of both wires A and B shift in the 
opposite directions with respect to the axis at the boundary 124 because of the obliqueness of the end surface This 
causes pro,ect,ons to form, and caulking is done by the expansive force from inside the connector 1 2 Making the end 
surfaces ol both wires A and B has another effect of making the change in the rigidity at the boundary 124 gradual 

Figure 3 shows another connecting method and the procedure. 

This Figure shows steps (1) to (5) of butt seam welding which is one variation of butt resistance welding 

In siep( 1 ), the first wire A and the second w.re B set on a butt welding mach.ne not shown are shown A connector 
12 is put on the proximal-side portion of the first wire A in advance. 

In s.ep(2). the first wire A and the second wire B are moved by a butt welding machine toward each other to press 
the proximal end surface of the first wire A and the distal end surface of the second w.re B into contact with each other, 
wrth a predetermined voltage being applied to the first wire A and the second wire B A layer of melted metal is formed 
at the end surfaces held in pressured contact with each other, and the first wire Aand the second wire B arc firmly joined 

In stop (3; a projection formed by pressured contact around the joint is scraped off so that the connector 12 can 
be fitted over the joint. 

Next in step .4), the connector 12 is slid over the joint. 

In step (5) the connector 1 2 is bonded to the first wire A and the second wire B at its ends by means of a orede- 
lermmed adhesive 

The first wire A and the second wire B can be joined by not only above-described spot welding, but also butt seam 
welding (bull resistance welding) as shown above. 

Further the connecting method is not limited to the above-described methods, and other methods such as brazing 
(soldering) and bonding with an adhesive can be used. 

The improved operatability and kink-resistance of the guide wire 1 described above will become evident by the 
measurement ol the flexural rigidity described below 

Figure 4 shows the points of measurement of the flexural rigidity of the connector 12 and its vicinity of the guide 
wire of this invention and those ol a comparison guide wire. 

Here, the l.rst wire A used for the guide w.re 1 is formed of the aforementioned T.-Ni alloy and the connector 12 
and the second wire B are formed of the aforementioned stainless steel On the other hand, guide wire 10 which is a 
comparison example, has the same construction as the guide wire 1 , except that slits are not formed in the connector 1 2 

The points ol measurement of the flexural rigidity are indicated by arrows 1 to 14 shown in Figure 4 The arrows 
1 to 1 3 are set at 5 mm intervals. Only the arrow 14 is a point of measurement of the flexural rigidity of the second wire B 

Measurement ol the flexural rigidity was conducted by putting tulcrums at the positions 1/2 inches on both sides 
ol each point ol measurement of the guide wires i and 10 (arrows 1 to 14) and then measuring the load needed to 
press down the point of measurement between the fulcrums 2mm 

The arrows 1 and 2 of the guide wire 1 indicate the points of measurement of the flexural rigidity on the first wire 
A The arrows 3 to 10 indicate the points of measurement of the flexural rigidity on the slil-formed region in the first 
wire-receiving portion of the connector 12. The arrow 11 indicates a point of measurement of the flexural rigidity on 
the no-sl.t regon in the first wire-receiving portion of the connector 1 2 The arrow 1 2 indicates the boundary 1 24 The 
arrow 13 indicates a point of measurement of the flexural rigidity on the second wire-receiving portion ol connector 12 
The arrow 1 4 indicates a point of measurement of the flexural rigidity on the second wire B (the large-diameter portion) 
The arrows 1 and 2 of the guide wire 10 indicate points of measurement of the flexural rigidity of the first wire A 
The arrows 3 lo 11 indicate po.nts of measurement of the flexural rigidity of the portion of the connector 12 enclosinq 
the first wire A ,n which no slits are formed The arrow 12 indicates the boundary 124 The arrow 1 3 indicates a point 
of measurement of the flexural rigidity of the portion of connector 1 2 enclosing the second wire B The arrow 14 indicates 
a point of measurement of the flexural rigidity of the second wire B (larger-diameter portion) 

Table 1 shows the flexural rigidities measured at the points indicated by arrows ( 1 to 1 4) on the guide wires 1 and 1 0 
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Table 1 



Arrow 


1 


2 


3 


4 


5 


6 


7 


Guide Wire 10 (g) 


8.0 


8.0 


52.1 


52.1 


52.1 


52.1 


52.1 


Guide Wire 1 (g) 


8.0 


8.0 


8.6 


9.0 


12.0 


150 


18.2 


Arrow 


8 


9 


10 


11 


12 


13 


14 


Guide Wire 10 (g) 


52.1 


52.1 


52.1 


52.1 


546 


62.0 


72.5 


Guide Wire 1 (g) 


24.2 


38 8 


44.7 


50.1 


54.6 


62.0 


72.5 



Figure 5 shows the measured flexural rigidities on Table 1 in a graph. Flexural rigidities (g) are shown on the vertical 
axis of the graph, and the points of measurement of the flexural rigidity are shown on the horizontal axis by the arrow 
numbers 1 to 1 4. 

The following conclusions are obtained from the measured flexural rigidities. 

(1) Guide Wire 1 

By forming slits in such a manner that the pitch of the slits changes from a large density (arrow 3) to a small density, 
the flexural rigidities measured at points 3 to 10 change gradually and smoothly from the flexural rigidity of the first 
wire A to that of the no-slit region of the first wire-receiving portion of the connector 1 2; the measured flexural rigidities 
further change gradually and smoothly to the flexural rigidity at point 14 through that at point 13. It can be understood 
from this result that the guide wire 1 bends smoothly without kinking when bent. 

(2) Guide Wire 10 

There is a large difference between the flexural rigidities at points 2 to 3, and therefore it can be known that the 
guide wire 10 is prone to bend at a sharp angle when bent. 

The torsional rigidities of the guide wires 1 and 10 have similar tendencies to the flexural rigidities. 

The same measurement was made by forming grooves instead of the slits in the connector 12, and the same 
results were obtained. 

In this guide wire 1 of this invention, the rigidity of the connector 1 2 thus can be made to change have the rigidity 
of the connector 1 2 can be made to change smoothly from the rigidity of the first wire A to that of the second wire B. 
Specifically, a large change in the rigidity is divided into smaller changes in the connector 1 2, and thereby the concen- 
tration ot stress is reduced. This results in the improved operatability and kink-resistance of the guide wire 1 in com- 
parison lo the guide wire 10. 

Figures 6 and 7 illustrate the manner the guide wire o! Ihis invention is used in the PTCA process. 

In Figures 6 and 7, indicated by reference number 4 is the aortic arch, 5 is the right coronary artery of a heart, 6 
is the right coronary artery ostium, and 7 is the target stenosed part. Indicated by the reference number 3 is a guiding 
catheter to introduce the guide wire 1 from the arteria fermoralis into the right coronary artery. Indicated by 21 is a 
balloon catheter equipped on the distal end portion with an expandable and contractiblc balloon for dilating a stenosed 
part 

As shown in figure 6, the distal end portion of the guide wire 1 is made to protrude from the distal end of the guiding 
catheter 3 and inserted from the right coronary artery 6 into the right coronary artery 5. The guide wire 1 is further 
advanced and inserted into the right coronary artery with the distal end leading, and then stopped at the position where 
the distal end is advanced beyond the stenosed part 7 of a blood vessel. A path for the balloon catheter 2 is thus secured. 

Next, as shown in Figure 7, the distal end of the balloon catheter 2 is advanced beyond the distal end of the guiding 
catheter 3, further advanced over the guide wire 1 to be introduced from the right arteria fermoralis 6 into the right 
coronary artery 5. and stopped at the position where the balloon is placed in the stenosed part. 

Next, a fluid is injected into the balloon from the proximal side of the balloon catheter 2 to inflate the balloon 21, 
and the stenosed part is dilated by the inflated balloon. Plaque deposited on the arterial wall, such as cholesterol, is 
thus physically compressed against the arterial wall, and blocking of blood flow is eliminated. 

Although the guide wire of this invention is described above using embodiments shown in Figures, this invention 
is not limited to these embodiments. For example, the first wire A and the second wire B constituting the wire main 
body may be either solid or hollow, and may be formed of various resin materials such as polyimide, polyester, polyolefin 
(polypropylene, polyethylene, etc.), fluororesin, and polyurethane, in addition to metals such as aforementioned super 
elastic alloy, piano wire, stainless steel, and tungsten. The wire main body may also be formed of wires which are 
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made of two or more layers of different materials or properties 

„„ lrt »J^r 9 T "°° Ve T*" Sl " S 50 ' hal me " ""^ inc ' eases '<»>'<< *• *BI end or It* conneao. .2 ,he 

rr s:r:r.r;° r as - sm " m,y ,,om ,he * a ~ - ** - ; 

portion provided with the thin metal coating 65 9 elector 63 by the 

lemP :r ; sjs^s^rrr^^: al,oy r sxhib,,s ^ ^ - - 

The f.rst w,re 61 and ,he connector 63 are connected by brazing so,der filled between the ,n.erior surlace o, the 
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connector 63 and the exterior surface of the tirst wire 61. For the brazing solder, Ag-Sn alloy, Sn-Pb alloy, Au-Ni alloy, 
and Sn-Pb-Ni alloy are preferable. 

By thus using a thin metal coating formed on the exterior surlace of the distal end portion 61 b of the first wire 61 , 
the first wire 61 and the connector 63 can be joined firmly by brazing solder. The strength of the connection is high, 

s and the guide wire has a high safety. 

To form the metal coating on the exterior surface of the distal end portion 61 b of the first wire 61 , vapor deposition 
of the metal to coat (vacuum deposition, for example), ion plating, sputtering, CVD (plasma CVD, electrolytic plating, 
hydrolysis, pyrolysis, etc.), and dipping can be used. Especially, vapor deposition (vacuum deposition, for example), 
ion plating, sputtering, plasma CVD, and electrolytic plating, which can be carried out at temperatures which do not 

io affect the property of the super elastic metal used (specifically, methods which can be carried out below about 400°C). 
The thickness of the metal coating 1 5 is preferably about 1 to lOjam. 

The first wire 61 becomes gradually smaller in exterior diameter toward the distal end, and becomes more flexible 
toward the distal end. An X-ray contrast material 66 is attached to the distal end portion 61a of the first wire 61. For 
the X-ray contrast material 66, a coil of wire of an X-ray opaque material such as Platinum wire, for example, is pref- 

'5 erable. 

A synthetic resin coating 67 is formed on the exterior surface of the first wire 61 excluding the distal end portion, 
or at least from the middle to the distal end of the first wire 61 . This portion has about an uniform exterior diameter. 
The tip of the synthetic resin coating is rounded approximately in a half sphere. 

For the polymer material used tor the synthetic resin to cover the first wire 61 , polyethylene, polyvinyl chloride), 
20 polyesler, polypropylene, polyamide, polyurethane, silicone rubber or other various elastomers, or a composite of these 
materials is preferable. Materials that have flexibility and softness equal to or greater than those of the first wire 61 are 
preferable. 

Further it is preferable that the exterior surface of the synthetic resin coating is covered with a hydrophilic macro- 
molecule substance which exhibits lubricity in wet condition. For the method of forming the hydrophilic coating, so 
25 called chemical deposition is preferable. By thus covering the exterior surface of the synthetic resin coating with a 
hydrophilic macromolecule substance, the friction when inserting the guide wire 51 is reduced, and insertion becomes 
easier. As the result, the operatability of the guide wire increases. 

Hydrophilic macromolecule substances usable for this purpose are divided into natural macromolecule substances 
(starch, cellulose, tannin-lignin, polysaccharide, protein, for example) and synthesized macromolecule substances 
30 (PVA, polyethylene oxide, acrylic acid, maleic anhydride, phthalic acid, .water-soluble polyester, ketone aldehyde, 
(meth)acrylamide, polyamme, polyelectrolyte. water-soluble nylon, acrylic acid glycidyl acrylate). 

Of the above substances, celluosic macromolecule (hydroxypropyl cellulose, for example), polyethylene oxide 
macromolecule (polyethylene glycol), maleic anhydride macromolecule (maleic anhydride copolymer such as methyl 
vinyl ether-maleic anhydride copolymer), acrylamide macromolecule (poly(dimethylacrylamide), for example), water- 
35 soluble nylon (AQ-nylon P-70 produced by Toray Industries Inc., for example), or their derivatives are preferable be- 
cause ol their reliability in reducing the coefficient of friction in blood. Reduction of the coefficient of friction by a layer 
of a hydrophilic macromolecule substance is described in detail in the specification of Patent Application Laid open 
No. 1997-84871. 

The second wire 62 is also a wire with flexibility. There is no special condition for the material for the second wire 
io 62. Various plastics and metals which have higher rigidity than the first wire 61, especially metals, are used. By using 
these materials, it becomes possible to provide the wire main body with the high operatability and kink-resistance 
without increasing the diameter of the second wire 62. 

The second wire 62 has a larger exterior diameter than the first wire 61 in order to increase the operatability and 
kink-resistance as shown in Figure 9. When using the second wire 62 with the external diameter larger than that of the 
15 first wire 6i, it is preferable to make the external diameter of the distal end portion of the second wire 62 inserted in 
the connector 63 equal to the external diameler of the proximal portion of the first wire 61 inserted in the connector 63 
The metallic material used for the second wire 62 includes stainless steel or piano wire, for example. The most 
preferable metallic material is stainless steel which has a high rigidity. Specifically, it is preferable to form the first wire 
61 of an supei elastic alloy and the second wire 62 of stainless steel. By this construction, a guide wire which has the 
50 distal end portion with high flexibility and the proximal end portion with high rigidity and has a gradually changing rigidity 
can be obtained. 

It is preferable that the second wire 62 is subjected to a treatment for reducing the friction which occurs from contact 
with the interior wall of the catheter used together with the guide wire 51. Specifically, this is attained by coating the 
proximal portion 62b of the second wire 62 which comes in contact with the interior wall of the catheter, with a substance 
55 whose coefficient of friction is low against the material of the interior wall of the catheter (fluororesin such as poly- 
tetrafluoroethylene or silicone, for example). By thus reducing the friction against the catheter, the operatability of the 
second wire 62 passed through the catheter is improved. 

The tubular connector 63 has flexibility and is formed in the shape of a tube which has the opening to receive the 
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firs. w.re 61 and the second open.ng to receive the second wire 62; both openings connect with each other. By using 
he connector 63 ,n the shape ot a tube, connection ot the first wire 61 and the second wire 62 is made eas.er Further 
the flexural rigidity is made uniform in all radial directions. 

as ,o T r h ,hl e fil n0 SPe R i al C H°?K lti0n f °? e malefial ,0r ,he C ° nneC,0r 63 ' and vari0JS P' as,lcs and ™tals can be used 
as for he first wire 61 and he second w.re 62 The connector 63 is formed of a material different from that of the first 
w,re 61 taking the use of the guide wire into consideration Further, it is preferable to form the connector 63 of the 
same or the same kind of material as that of the second wire 62 for connec.abili.y to the second wire 62 As the result 
stainless steel is preferable for the material of the connector 63. 

Although there is no particular limitation to the diameters of the first wire 61., connector 63, and second w.re 62 
the diameters (in average value) are preferably about 0 25 to 0.65 mm (0.010 to 0 025 inches) and more preferablv 

Toll I? H . I* 5 ?™ ( ° '° ° 018 ' nCheS) ,0f 3 9U,de W " e USGd «° r lnsef110n 01 a «'heter lor PTCA operatbn A 
space to hi with a brazing solder is formed between the exterior surface of the firs, wire 61 and the interior surface of 
*e connector 63. To form th,s space, the exterior diameter of the firs, wire 61 is made smaller by about 0 01 to 0 07 
mm than the interior diameter of the connector 63. This space can also be made by forming the cross section of the 
proximal end portion 61b of the first w,re 61 in an ellipse, polygon, or other shapes 

The wall thickness of the tubular connector 63 is preferably 0.02 to 0.06 mm, and more preferably 0 03 to 0 05 mm 
The proximal end surface of the firs, wire 61 and the distal end surlace of the second wire 62 are cut at a prede- 
termined angle (8) to a p!ane perpendicular to the axes of the first and second wires 61 and 62 as shown in Figures 9 
Z ,S Pf f rabl ! '° COnnec ' ,he ,,rs ' w,re 61 and ,ne second wire 62 holding the end surfaces of the firs, wire 61 
and the second wire 62 ,n con.ac. w„h each other ms.de the connector 63 The angle e,s6, 90°, preferably 0° < e 

IZne^ZlT « ° 5 ° R ; 6 S 2 °° re3SOn ' S ,hat ' he Chan9S ,n ,he r '9 ,d "V a « «he end surfaces of the 
obtaiTd W ' re ' n C ° n,aCt W " h 6aCh ° ,her C3n be d6Creased ' and hence a h '9 h kink ^.stance * 

To increase the strength of connection between the firs, wire 61 and the connector 63, grooves may be formed in 
the exterior surface ol ,hc f,rs, w.re 61 or in the interior surface of the second wire 62 For the grooves various shapes 
and arrangements, such as grooves extending in parallel with the axis of the w.res, one or more heiical grooves or 
grooves perpendicular .o the direction of .he ax,s of .he wires can be used. Further, to increase the strength of con- 

m F ^res TZ 9 T:' ^ ' 0fmed * ^ Pr ° X,mal °' * he " rSt ^ 61 aS ' n the ^ ^90 shown 
in Figures 14 and 15 Figure 14 ,s a sectional view of the distal end portion ot the gu.de wire of another embodiment 

of th.s invention Figure 15 ,s a partly broken, enlarged external view of the connector and its vicinity of the guide w,re 

.t^otr? ? IT nb L S) '° r ,h ' S PUrP ° Se ' " 15 Pre * erable 10 '° rm a rib In the sha P* ot a ring and oblique .0 
the axis of .he firs, wire 61 as shown in Figure 14 a. the prox.mal end of the firs, wire 61 . R,b(s) in other shapes and 

Z TZT H SU ,f 3 k 3 m9 - Shaped nb 0r nbs Perpendicular .0 the ax,s of the firs, wire 61 and a plurality 0. ribs in 
the shape of a half sphere scattered on the exterior surface of the proximal end portion of the first wire 61 

eJ^ZVn, ?h Pan,CU ' ar ^f'T me,h ° d °' connec,in 9 ,he connector 63 and the second wire 62. In this 

bo J^Trb ia ar " CUlar C ° nd ' t,0n '° r W6lded POrt '° n 59 ' 35 l0n 9 as ,he V are on ,he Proximal s,de of .he 

boundary 68 Spot welding a. several poin.s are adequate, but ,. is preferable .0 dispose the points evenly around the 

fs 1 so* noTJT, Ti" 9Ufe 10 W6lded ^ 69 ^ haVe an aPpr °P fiate Wldth as shown '" Figure 10 It 
is also possible ,0 weld the entire interior surface of the portion of the connector 63 wh,ch is in contact with the exterior 
surface of the second wire 62 Further, ,. is a.so possible .0 wekd the proximal side end of the connector 63 

hP ZT,!?™ « h f C ° nneCt0r " °' 3 S,a ' nleSS 51661 W " h 3 h ' 9h f,9ldi, y' ,he wa " thlckness °< ^e connector 63 can 

nooTw^ I n " k rm ' n9 b ° th SeC ° nd W ' re 62 aPd ' he COnneC,or 63 of a s,ain| ess steel with a high r,g,d„y a 
good weldabil-iy can be obtained because of the sameness or similarity of their compositions 

Next, the guide w.re 80 ot the embodiment shown in F.gures 12 and 13 is described below. 

F.gure 1 2 is a plan view o, the guide wire 80 ol another embodiment of this mveniion Figure 1 3 is a partly*roken 
enlarged external appearance ol the connector and its vicin.ly of the guide wire 80 shown in F.gure 12 

The bas,c construction o, this gu,de w,re 80 is the same as the gu.de wire 51 described above. The same compo- 
nents are assigned .he same reference numbers, and the description of them are no, repealed 

In ,h,s guide w.re 80, the connect.on of the second wire 62 and the connector 63 is also made by brazing 64 For 
h.s connection, a space ,0 fill w„h a brazing solder is formed between the ex.er.or surface ot the second wire 62 and 

by aboTo 01 to C 0 o° T°T * T ° T *" ^ *" ^ °* ' he SSC ° nd ^ 62 ls made 

by about 0.01 to 0.07 mm than the interior diameter o, the connector 63. Therefore, the distal end portion 62a of the 

Er^! n ' P 7 ma l T I' 0 ' 1 ™ 61 ' °' ' he firS ' W ' re 61 are made '° have about ,he exterior d.ame.er 
formed \ nn 2 ^ 62 °' ^ ma,ena ' ,rom ^ ° f ,he C0 ™ ecl °' «• ■ »* metal coating may be 

desc nbed above ^ °' 62 35 °" Pr ° K ' mal end P ° d,0n 61b °< ,he firs < ™ < * 
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Further, to increase the strength of connection, grooves may be formed in the exterior surface of the first wire 61 
or the interior surface of the connector 63. In the guide wire shown in Figure 12, V-shaped grooves 83 extending in 
the direction of the axis are formed in the exterior surface of the first wire 61 . Grooves of various shapes and arrange- 
ments, such as grooves extending in parallel with the axis, one or more helical grooves, and one or more grooves in 
5 the shape of a ring may be used. Grooves may also be formed in the distal end portion 62a of the second wire 62 in 
the same manner. 

A coil 81 wound in the same exterior diameter as the largest-exterior diameter portion of the first wire 61 is attached 
to the distal end portion of the first wire 61 by being secured by means of the head peace 82 in the shape of a half 
sphere. The coil 81 and the head piece 82 are formed by an X-ray opaque material such as Au or Pt. The proximal 
w end of the coil 81 is fixed to the first wire 61 . The interior diameter of the coil 81 is larger than the exterior diameter of 
the first wire 61 , and a space is formed between the first wire 61 and the coil 81 except the proximal end portion of the 
coil 81. The coil 81 and the first wire 61 may be secured together at the middle position of the coil 81. Further, the 
exterior surface of the coil 81 may be covered with a thin synthetic resin coating. For this synthetic resin coating, the 
same synthetic resins as used for the above-described guide wires can be used. Further, it is preferable to cover the 
'5 synthetic coating with an above-described hydrophilic macromolecule substance. 

!t is also possible to form thin metal coating on the distal end 61c of the first wire 61 to which the head piece 82 is 
attached and on the distal-side tapered portion 6ld of the first wire 61, and to connect the head piece 62 and the 
proximal end of the coil 81 thereto by brazing. 

Further, in the above guide wire 51, the construction of the distal end portion of the guide wire (the exterior con- 
20 siruclion of the first wire 61 ) may be the same as that of the above guide wire 80. 
Next, the guide wire 100 shown in Figures 16 to 19 is described below. 

Figure 16 is a plane view of the guide wire 100 of this invention. Figure 17 is a sectional view of the distal end 
portion of the guide wire shown in Figure 1 6. Figure 1 8 is a partly broken : enlarged external view of the connector and 
its vicinity of the guide wire shown in Figure 16. Figure 19 an enlarged sectional view of the connector and its vicinity 
2S ol the guide wire shown in Figure 16. 

The basic construction of this guide wire 100 is the same as the guide wire 51 described above. The same com- 
ponents are assigned the same reference numbers, and the description of them are not repeated. The points in which 
the guide wire 100 differs from the above guide wire 51 are only the'shape of the connector 103 and the method of 
connection ol the first wire 61 and the connector 103. 
30 The guide wire 100 for catheter of this embodiment comprises the first wire 61 which is disposed at the distal side 

and has flexibility, the second wire 62 which is disposed at the proximal side and has rigidity greater than that of the 
first wire 61, and a tubular connector 103 for connecting the first wire 61 and the second wire 62 which is formed of a 
material different from that ol the first wire 61. The first wire 61 has a thin metal coating 65 for connection to the 
connector 1 03 formed on its proximal end portion connected to the connector 103. The first wire 61 and the connector 
35 103 are joined together by brazing solder 64 by making use of the thin metal coating. 

A thin metal coating 65 is formed on the exterior surface of the distal end portion 61b of the first wire 61 as in the 
above guide wire 51. For the material for the thin metal coating 65, Ni, Ag, Au, Cu or Sn, or an alloy of two or more 
metals selected among them is used. 

The connector 1 03 has the opening to receive the first wire 61 and the second opening to receive the second wire 
40 62; both openings connect with each other, the entire connector 103 being in the shape of a tube. 

The connector 103 has a first slit 104 in the distal end portion. Specifically, the first slit 104 extends from the distal 
end to the middle pan of the connector 103. This first slit 104 is a helical slit. 

In the guide wire 1 00, the second wire 62 is made of a metal whose rigidity is greater than that of the first wire 61 
and the connector 103 is made of the same or same kind of material as the second wire 62. The connector 103 has a 
*5 slit, theretor the rigidity ol the guide wire 100 provided the connector 103 is made to increase smoothly from a proximal 
end portion of the first wire 61 to a distal end portion of the second wire 62. 

The connector 103 has a second slit 107, a separate slit from the slit 104, is formed on the proximal side of the 
first slit 104, lhat is, near the middle pari ol the connector 103. This slit 107 is also a helical slit. The second slit 107 
has a wider width than the first slit 104 and serves as the opening for pouring brazing solder 64. The second slit 107 
so may be not a helical slit, but a plurality of separate short slits. It is preferable that this second slit 107 does not extend 
toward the proximal side beyond the boundary 68. 

The first wire 61 has the first proximal end portion 1 05 of approximately the same exterior diameter as the interior 
diameter of the connector 103 and the second proximal end portion 106 which further extends from the first proximal 
end portion 105 to the proximal side and form a space to fill with brazing solder between its exterior surface and the 
55 interior surface of the connector 103. In this example, the second proximal end portion 106 has an external diameter 
smaller than the interior diameter of the connector 103. The space to fill with brazing solder may also be formed by 
forming the cross section of the second proximal end portion 106 in ellipse, polygon, or other shapes. 

The second slit 107 serving as the opening for pouring brazing solder 64 is located above the space to be filled 
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with brazing solder and communicates the space with the outside. A rib 91 is lormed a. the proximal end of the first 
wire 61 To increase the strength of connection, one or more grooves may be formed in the exterior surface of the 
second proximal end portion 106 of the firs, wire 61 or in the interior surface of the portion of the connector ^ 03 wh,ch 
forms the space to be filled with brazing solder. Fo, the grooves, various shapes and arrangements, such as grooves 
extending ,n parallel wrth the axis of the wires, one or more helical grooves, or grooves perpendicular, may be used 
rinil c r f I"' 6 !! W6en ad,aCen ' S " IS ' ° f ,he Pitch °' ,he ,irst slit 104 ' ma V be cha nqed to change the 

0 VSSS th I' 0 h S "' , 104 ' S S ° " 10 beC ° me Sma " er ,0Ward ,he dl£,al end °< lha c -nector 
ml I ^ ° bGCOmeS ' arger t0Ward the dis,al end °< the connec,or By thus forming the first slit 

104, the ng.drty of the connector 103 becomes gradua.ly smaller toward the distal end, the deformation of the ds a 
end portion of the guide wire becomes smoother It is also poss.ble to form two or more helical slits instead of a single 
slrt Further, two or more slits in parallel with the axis may be formed in place of the helical first slii 1 04 When forming 

fZzz:<: sii z aM .T the axis ' " ,s preferabie ,o make ,he w,d,h ° f ,he s,o,s w,der at p— a| ^ 

Further the first slit 104 and the second slit 107 may be connected to each other 

When forming the first slit 1 04 and the second slit 107 ,n a s.ngle continuous slit, it is preferable to make wider the 
width of the second slit 107 than that of the first slit 104 

f° ld ! f iS P oured ,h ™9h the second slit 107 into the space lormed between the connector 103 and the 
second dista. end portion ,06 as shown ,n Figures 18 and ,9 The brazing solder fills the space and the second si 

0 and ,h r h ^ ,rm ' y C ° nneCted 10 C ° nneCl0r 103 ThG b ^ ln 9 SOlder 54 does - ™ 'ne first s 

1 h , P T " " rSt Sli ' 104 15 le " Unf, " ed The p0r1ion °' ,he connect0f '03 in which the firs, sli, is 
lormed is nol connected to the first wire 61. 

The guide wire of this embodiment has a flexible portion at the distal side of the connector 103 which is formed 
by the rs, s ,t 104 formed therein. Therefore, k,nkmg o, the guide w,re at the dista. end o, the connectoM 03 an be 
prevented Moreover, the gu.de wire can bend a. the at the distal end of the connector 1 03 can be prevented Moreover 

ZZ t ^Tr^rJ^- 81 diS,al ^ °' C ° nneC,0r 103 ' ,he °P e ' atabll "y of >he guide wire is improved 
Inparticularthc distal end portion of the connector 103 in which the firs, slit is formed is no, connected to the first wire 
61, the ,u.de wire of this embodiment has high kink resistance and operatability 

fnrmt ^ ^ deSCriplion ' lhis invenllon makes 11 P^sible to connect the lirsl wire and the connector 

Sdi v th TT rT l °TT er 3n adeqU3te SUen9,h ' Chan9,n9 ,hS 9 radual 'V a " d -oothly from the 

rigidity of the first wire to that of the second wire Especally, by form.ng a thin metal coaling on the exterior surface of 
the pro ,ma. end portion of the first wire which is held in the connector, the firs. w,re and the connector can be firmly 
connected by brazing ,. .he first wire and the connector are made of different materials Therefore, the guide w,re of 
this invention has an improved operatability and a high safety 



Claims 



3. 



A guide wire, comprising a first wire which is located on a distal side and has an appropriate elasticity a second 
w,re which ,s located on a proximal s.de and has a flexural rigidity greater than that of said firs, wire, and a tubular 

or ZT^TZ 9 T S6C0nd W ' reS ' and charac,er ' 2ed in tha ' ^id connector has one or more grooves 

or sMs or both of them formed ,n its portion on the distal side of a boundary between said firs, wire and said second 

ITnnTll , W ' re °! Cla ' m 1 Wherem ,leXUra ' ri9 ' dlty ° f and ar0und the P rox,mal end P°«™ °< said first wire 
connected to said connector changes smoothly along the direction ot the length 

The guide wire of claim 1 wherein the flexural rigidity of the portion of the connector on the distal side of the 
boundary between sa.d first wire and said second wire changes smoo.h.y along the direction o, the length 

The gu,de wire of any one of claims 1 to 3 wherein the density of said one or more grooves or slrts formed in the 
firs. wire-receiv.ng portion of said tubular connector becomes larger toward .he distal side end of said tubular 
Crvjrinsc tor. 

The gu,de wire of any one of claims 1 to 4 wherem sa.d second wire is formed of a metal, and said connector is 
formed of the same or the same kind of material as sa.d second wire. 

oil S 9 .arn^ r s.eer aim ' " °' * SUPer ebS " C me ' al a " d Sa ' d S6Cond wire is made 
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7. The guide wire of any one of claims 1 to 6 wherein said first wire and said connector, and said second wire and 
said connector are joined by welding. 

8. The guide wire of any one of claims 1 to 7 wherein the abutting end surfaces of said first and second wires are 
5 oblique to a plane perpendicular to the axes of said first and second wires. 

9. The guide wire of any one of claims 1 to 8 wherein said second wire is made of a metal whose rigidity is greater 
than that of the first wire and said connector is made of the same or same kind of material as said second wire, 
and the rigidity of the guide wire is made to increase smoothly from the proximal end portion of said first wire to 

w the distal end portion of said second wire. 

10. A guide wire comprising a first wire which is located on the distal side and has an appropriate elasticity, a second 
wire which is located on the proximal side and has a flexural rigidity greater than that of said first wire, and a tubular 
connector for joining said first and second wires, and characterized in that said connector is formed of a material 

is different from a material of said first wire, thai a proximal portion of said first wire joined to said connector is provided 

with a thin metal coating as an adjuvant to joining, and that said first wire is joined to said connector by the portion 
provided with the thin metal coating by brazing. 

1 1 . The guide wire of claim 1 0 wherein said first wire is formed of a super elastic metal and said thin metal coating is 
20 formed of Ni, Ag, Au, Sn or Pd, or an alloy of two or more of these metals. 

1 2. The guide wire of claim 10 or 1 1 wherein said connector is formed of a stainless steel. 

13. The guide wire of any one of claims 1 0 to 1 2 wherein said connector and said second wire are formed of a stainless 
2S steel and joined by welding. 

14. The guide wire of any one of claims 10 to 13 wherein the abutting end surfaces of said first and second wires are 
oblique to a plane perpendicular to the axes of said first and second wires. 

30 1 5. The guide wire of any one of claims 1 0 to 1 4 wherein a slit are formed in the proximal end portion of said connector. 

16. The guide wire of claim 15 wherein said slit is formed of a helical slit. 

17. The guide wire of claim 15 or 16 wherein at least a distal end portion of said slit-lormed portion of said connector 
35 is not joined to said first wire. 

18. The guide wire of claim 16 or 17 wherein the flexural rigidity of the portion of the connector on the distal side of 
the boundary between said first wire and said second wire changes smoothly along the direction of the length. 

-to 19. The guide wire of any one of claims 16 to 18 wherein said second wire is made of a metal whose rigidity is greater 
than that of the first wire and said connector is made of the same or same kind of material as said second wire, 
and the rigidity of the guide wire is made to increase smoothly from the proximal end portion of said first wire to 
the distal end portion of said second wire. 
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(54) Guide wire 

(57) The guide wire (1 ) comprises a first wire (A) lo- 
cated on the distal side and having an appropriate elas- 
ticity, a second wire (B) located on the proximal side and 
having a flexural rigidity greater than that of said first 



wire and a tubular connector (1 2) for joining the first and 
second wires (A,B). The connector has grooves or slits 
formed in its portion on the distal side of a boundary 
(1 24) between the first wire A and the second wire B. 
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1. Claims: 1-9 

A guidewire comprising a first and a second wire a 
connector, character! zed in that said connector has one or 
more grooves or slits. 



2. Claims: 10-19 



A guidewire comprising a first and a second wire a 

^^H, r i C 5 a ff Cter ! 2 ! d in that Said sector is formed of 
a material deferent from a material of said first wire that 
the port, on of said first wire joined to said connec or' s 
provided with a thin metal coating and that the Trst wire 
is joined to said connector by brazing. 



